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Providing a drive circuit configured to generate variable frequency
power based on input power received from a power source

304

Coupling a drive contactor between an output of the drive circuit and
the induction motor

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o

Decoupling, by the drive contactor, a line power enable signal
transmitted to a line contactor by the external controller based on a
presence of the drive enable signal, wherein the line contactor is
configured to couple the induction motor directly to the power
source when the line power enable signal is received by the line
contactor
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MOTOR CONTROLLERS AND METHODS
FOR CONTROLLING DRIVE CIRCUIT
BYPASS SIGNALS

BACKGROUND

The field of the disclosure relates generally to electric
motors, and more specifically, to motor controllers and
methods for controlling drive circuit bypass signals.

At least some known induction motors are fixed speed
motors that operate most efliciently at line frequency power.
Such 1induction motors exhibit uncontrolled acceleration
during startup. Further, at low load conditions, such induc-
tion motors operate less efliciently. Alternatively, an induc-
tion motor may be driven with a variable speed motor
controller to adapt motor speed to a load level. Such
configurations are generally limited by power factor, elec-
tromagnetic interiference, and electrical losses.

Providing a drive circuit for induction motors enables
ellicient operation at both high and low load conditions. For
example, an induction motor operating a compressor in a
heating, ventilation and air conditioning (HVAC) system
may experience high load conditions during peak tempera-
tures and low load conditions during milder temperatures.
The drive circuit operates the induction motor using an
iverter 1n a low-speed mode under low load conditions, and
operates the induction motor using line frequency power 1n
a high-speed mode under high load conditions.

Where two speed operation of an air moving motor and/or
a Tluid moving motor 1s suflicient for an application, a drive
circuit may be used that has a reduced power rating relative
to a power rating of the imduction motor. Using a lower-
power drive circuit improves efliciency at low speeds;
however, 11 the drive circuit 1s undersized compared to the
motor rating, 1t 1s unable to deliver the full current or full
torque necessary to drive the induction motor at full speed.

In some 1instances, external controllers provide signals
that enable a drive contactor or a line contactor depending on
whether drive circuit generated power or line frequency
power 1s desired. Some known systems use the drive cir-
cuit’s software to monitor the status of each speed call from
the external controllers and then enable/disable the drive
circuit output accordingly. However, external controllers
may provide little or no notice regarding a change 1n mode
of operation from drive circuit operation to line operation, or
vice versa. Often, the only notification 1s when the drive
circuit actually receives a diflerent enable signal from the
external controller. Particularly, 1n the instance of transition-
ing from low-speed drive circuit operation to high-speed line
frequency power operation, the drive circuit needs sutlicient
time (e.g., 8 mSec) to disable current output by the drive
circuit before line frequency power 1s applied to the motor.
Providing power to the motor simultaneously by both the
drive circuit and the line frequency power source may cause
current cross-feed (e.g., a short) in the system and/or damage
to electronic components of the drive circuit.

BRIEF DESCRIPTION

In one embodiment, a motor controller for controlling
drive circuit bypass signals 1s provided. The motor controller
includes a drive circuit configured to generate variable
frequency power based on mput power received from a
power source, and a drive contactor coupled between an
output of the drive circuit and the motor. The drive contactor
1s configured to couple the drive circuit to the motor when
a drive enable signal 1s recerved from an external controller,
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2

and decouple a line power enable signal from a line con-
tactor by the external controller based on a presence of the
drive enable signal. The line contactor i1s configured to
couple the motor directly to the power source when the line
power enable signal 1s received by the line contactor.

In another embodiment, an induction motor 1s provided.
The induction motor includes a plurality of windings, and a
motor controller coupled to the plurality of windings. The
motor controller includes a drive circuit configured to gen-
erate variable frequency power based on mput power
received from a power source, and a drive contactor coupled
between an output of the drive circuit and the plurality of
windings. The drive contactor 1s configured to couple the
drive circuit to the plurality of windings when a drive enable
signal 1s received from an external controller, and decouple
a line power enable signal from a line contactor by the
external controller based on a presence of the drive enable
signal. The line contactor 1s configured to couple the plu-
rality of windings directly to the power source when the line
power enable signal 1s received by the line contactor.

In yet another embodiment, a method of operating an
induction motor 1s provided. The method includes providing
a dnive circuit configured to generate varnable frequency
power based on input power received from a power source,
coupling a drive contactor between an output of the drive
circuit and the induction motor, coupling, by the drive
contactor, the drive circuit to the induction motor when a
drive enable signal 1s received from an external controller,
and decoupling, by the drive contactor, a line power enable
signal from a line contactor by the external controller based
on a presence of the drive enable signal. The line contactor
1s configured to couple the mduction motor directly to the
power source when the line power enable signal 1s received
by the line contactor.

In yet another embodiment, a motor system for control-
ling a motor 1s provided. The motor system includes a drive
circuit configured to generate variable Ifrequency power
based on input power received from a power source, and a
line contactor coupled between the power source and the
motor. The line contactor 1s configured to couple the power
source to the motor when a line power enable signal 1s
received, and decouple a drive enable signal from the drive
circuit while recerving the line power enable signal. The
drive enable signal 1s operable to enable the drive circuit to
provide the variable frequency power to the motor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an exemplary motor system:;

FIG. 2 1s a schematic diagram of an exemplary drive
circuit that may be used with the motor system shown 1n
FIG. 1; and

FIG. 3 1s an exemplary control method for use with the
motor system shown 1n FIG. 1.

FIG. 4 15 a block diagram of an exemplary motor system.

DETAILED DESCRIPTION

As used herein, an element or step recited in the singular
and preceded with the word “a” or “an” should be under-
stood as not excluding plural elements or steps, unless such
exclusion 1s explicitly recited. Furthermore, references to
“example implementation” or “one implementation™ of the
present disclosure are not intended to be interpreted as
excluding the existence of additional implementations that

also icorporate the recited features.
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FIG. 1 1s a block diagram of an exemplary motor system
100. Motor system 100 includes a motor 102, a power source
104, a line contactor 106, and a motor controller 107 that
includes a drive circuit 108, a drive contactor 110, and a
microcontroller 112.

In the exemplary embodiment, motor 102 1s an AC
induction motor or an electrically commutated motor (e.g.,
a permanent magnet AC motor with an integrated drive). In
other embodiments, motor 102 may be any type of electric
motor that enables motor system 100 to function as
described herein, including, for example, any motor coupled
to a variable frequency drive, etc. In some embodiments,
motor 102 may be used in air moving applications used in
the heating, ventilation, and air conditioning (HVAC) indus-
try, may be used in flmd pumping applications, and/or may
be used 1n commercial and industrial applications. In other
embodiments, motor 102 may engage any suitable work
component and be configured to drive such a work compo-
nent. Motor 102 1s a three-phase motor and includes motor
conductors T1, T2, and T3 coupled to an input of motor 102
that are respectively coupled to each of the three phases, or
windings, of motor 102. Alternatively, motor 102 may be a
single-phase motor, a 2-phase motor, or may have any
number of phases that enables motor 102 to function as
described herein.

Motor 102 includes a first rated horsepower (HP) defining,
an amount of work motor 102 has the capacity to perform,
a first rated voltage defining a specific voltage level or a
combination of voltage levels (for dual-voltage or tri-voltage
motors) at which motor 102 yields optimal performance, and
a first rated speed defining an approximate speed of motor
102 when operated at rated voltage and frequency. For
example, a motor may have a 4.9 HP rating with a 230V/
460V voltage rating and a 1725 RPM speed rating. Motor
102 1s configured to operate most efliciently at full speed
where AC mput power 1s applied directly to motor 102.

Motor system 100 1s configured to be coupled to a power
source 104 for recerving input power to drive motor 102. In
the exemplary embodiment, power source 104 1s an AC
power source that generates three-phase AC power on line
conductors L1, L2, and L3. Although described herein as
being a three-phase power source, 1n some embodiments,
power source 104 may generate single-phase AC power.
Power source 104 provides three-phase, fixed voltage, and
fixed frequency AC power from an AC power grid or
distribution system (e.g., “utility” or “mains”) that 1s present
at an 1nstallation site of motor 102. Power source 104 may
supply AC voltage or line voltage of 200V, 230V, 380V,
460V, or 600V, at a line frequency of 50 Hz or 60 Hz, onto
line conductors L1, L2, and L3 depending on the corre-
sponding AC power grid. Alternatively, power source 104
may supply any other voltage and/or frequency that enables
motor system 100 to function as described herein.

Line contactor 106 1s electrically coupled in series
between power source 104 and motor conductors T1, T2,
and T3 of motor 102. In the exemplary embodiment, line
contactor 106 1s a three-pole mechanical contactor that 1s
commutated by energizing a coil 105. Line contactor 106
includes a first pole 114, a second pole 116, and a third pole
118, cach coupled 1n series to three-phase power source 104
via respective line conductors L1, L2, and L3 (one conduc-
tor per phase). Alternatively, line contactor 106 may be a
relay or any other switching device that enables line con-
tactor 106 to function as described herein.

[ine contactor 106 1s closed, or activated, based on a line
power enable signal received from an external controller 119
to operate motor 102 at a high-speed operating point. More
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specifically, in the exemplary embodiment, the line power
enable signal closes line contactor 106 by energizing coil
105 to close poles 114, 116, and 118. This facilitates
coupling power source 104 directly to motor 102. At high-
speeds, line voltage from power source 104 1s approximately
equal to the first rated operating point associated with motor
102. By coupling power source 104 directly to motor 102,
motor 102 1s operated at full-rated speed using line voltage
and frequency. This 1s the most eflicient operating point of
motor 102. Conversely, line contactor 106 1s opened, or
deactivated, when the line power enable signal 1s not
received by line contactor 106.

Drive circuit 108 1s coupled to line conductors L1, L2, and
.3 of power source 104 at an input side and to series-
coupled drive contactor 110 on an output side. An output of
drive contactor 110 1s coupled to motor conductors T1, T2,
and T3 of motor 102. In the exemplary embodiment, drive
circuit 108 1s configured to convert AC power received from
power source 104 to an AC power having a desired voltage
and desired frequency to drive motor 102 at a low-speed
operating point or various low speed operating points. Drive
circuit 108 includes a second HP rating that 1s lower than the
first HP rating of motor 102. In some embodiments, the
second HP rating of drive circuit 108 1s about 24 of the first
HP rating of motor 102. In other embodiments, the second
HP rating of drive circuit 108 1s about 2 of the first HP
rating of motor 102. However, drive circuit 108 may have
any other rated HP that 1s lower than the first rated HP of
motor 102 and enables drive circuit 108 to function as
described herein. Drive circuit 108 enables use of the same
physically smaller sized frame of AC motors 1n use today,
while also providing at least one low-speed operating point.
Motor 102 and drive circuit 108 are not merely limited to
two-speed operation; rather, drive circuit 108 1s capable of
having any number of operating points so long as they do not
exceed the rated HP of drive circuit 108.

Additionally, drive circuit 108 has a second rated voltage
and a second rated speed, both of which are lower than the
first rated voltage and the first rated speed associated with
motor 102. That 1s, rather than motor system 100 including
a VFD sized for the full operational range of motor 102 as
with known motor systems, drive circuit 108 1s sized for
lower HP operation than motor 102 in order to improve
elliciency at low-speeds and to prevent having to increase
the frame size of motor 102.

Drive contactor 110 1s configured to connect and discon-
nect drive circuit 108 to and from motor 102. Drive con-
tactor 110 1s a three-pole mechanical contactor that i1s
commutated by energizing a coil. More specifically, in the
exemplary embodiment, drive contactor 110 includes a
plurality of power poles, which includes first pole 120, a
second pole 122, and a third pole 124, each coupled in series
to drive circuit 108 via respective output terminals U, V, and
W. Drnive contactor 110 also includes a coi1l 126 and an
auxiliary contactor 128. In alternative embodiments, drive
contactor 110 may be a three-pole solid state contactor,
relay, or any other switching device that enables drive
contactor 110 to function as described herein.

Coil 126 15 configured to receive the drive enable signal
from external controller 119 and control the closing and
opening ol poles 120, 122, and 124. More specifically, the
drive enable signal i1s a voltage signal, for example, a 24
VAC signal, that energizes coil 126. When energized, coil
126 causes poles 120, 122, and 124 to close to thereby
couple the output of drive circuit 108 to motor 102 for
operating motor 102 at the low-speed operating point. Poles
120, 122, and 124 are opened, or deactivated, when the drive
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enable signal 1s not received by coil 126. In alternative
embodiments, the voltage signal may have a different level
of AC voltage, such as 12 VAC, 120 VAC, or any other level
that enables the voltage signal to function as described
herein. Further, the voltage signal may be a DC voltage
signal or any other known type of command signal.

Motor controller 107 includes a drive enable terminal 130
tor receiving the drive enable signal from external controller
119. The drive enable signal 1s routed to coil 126, where it
controls whether drive contactor 110 1s opened or closed.
Motor controller 107 also includes a line power enable 1input
terminal 132 for receiving the line power enable signal from
external controller 119, and a line power enable output
terminal 134 for transmitting the line power enable signal
from motor controller 107 to line contactor 106.

Auxiliary contactor 128 1s a “normally closed” contactor
such that 1t 1s 1 a closed position when coil 126 1s not
energized. When coil 126 becomes energized by receiving
the drive enable signal, it causes auxiliary contactor 128 to
open.

In one embodiment, motor 102, drive circuit 108, and/or
drive contactor 110 are all included within an integrated
motor package. The integrated package 1s configured to be
coupled to power source 104 and line contactor 106. Alter-
natively, motor 102, drive circuit 108, and/or drive contactor
110 may be separate components that are coupled together.
Moreover, line contactor 106 may be included within the
integrated motor package along with motor 102, drive
circuit 108, and/or drive contactor 110.

Instead of the line power enable signal being provided
directly to line contactor 106, 1n the exemplary embodiment,
the line power enable signal 1s provided to line power enable
input terminal 132 of motor controller 107. The line power
enable signal 1s routed internally within motor controller
107, through auxiliary contactor 128, and to line power
enable output terminal 134 of motor controller 107. Accord-
ingly, when 1nstalling motor 102 with motor controller 107
integrated therein, a technician merely has to connect exter-
nal controller 119 to provide the line power enable signal to
line power enable input terminal 132 and, further, connect
the line power enable output terminal 134 to provide the line
power enable signal to line contactor 106.

During operation, because auxiliary contactor 128 1s
“normally closed,” 1f a line power enable signal 1s provided
by external controller 119, 1t 1s transmitted to line contactor
106 via auxiliary contactor 128. The line power enable
signal activates and closes line contactor 106 to couple line
frequency power directly to motor 102.

If a drive enable signal i1s then provided by external
controller 119 to motor controller 107 while 1t 1s receiving
the line power enable signal, the energizing of coil 126
automatically causes auxiliary contactor 128 to open. Open-
ing auxiliary contactor 128 interrupts and/or decouples the
line power enable signal from line contactor 106. If the line
power enable and drive enable signals were simultaneously
present at line contactor 106 and drive contactor 110,
respectively, the electronics included 1n drive circuit 108
may become damaged or destroyed due to line frequency
power and conditioned power from drive circuit 108 being
present at the motor at the same time. Thus, routing the line
power enable signal through drive contactor 110 and causing,
it to automatically be decoupled by presence of the drive
enable signal provides self-protection for drive circuit 108
from line frequency power.

Additionally, if a line power enable signal 1s provided by
external controller 119 while the drive enable signal 1s still
being received, coil 126 1s being energized. Accordingly,
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6

auxiliary contactor 128 1s maintained 1n the open position,
preventing the line power enable signal from closing line
contactor 106.

In some instances, external controllers provide motor
controller 107 with little or no notice that 1t 1s changing
modes ol operation from drive circuit operation to line
operation or vice versa. Typically, the only notification 1s
actually receiving a different enable signal from external
controller 119. Particularly, when transitioming from drive
circuit operation to line power operation, microcontroller
112 needs suflicient time (e.g., 8 mSec) to shut down
operation of drive circuit 108 and disconnect drive circuit
108 from motor 102 by opening drive contactor 110. Rout-
ing the line power enable signal through drive contactor 110
not only provides motor controller 107 with some control
over the line power enable signal, but also a delay 1n
commutating drive contactor 110 causes a time delay that 1s
suflicient for drive circuit 108 to cease operations and be
disconnected from motor 102.

FIG. 2 1s a schematic diagram of drive circuit 108 (shown
in FIG. 1). Dnive circuit 108 includes three stages: a con-
verter 200, a DC link 202, and an inverter 204. Converter
200 converts the fixed line frequency, fixed line voltage AC
power from power source 104 into DC power. For example,
in the exemplary embodiment, converter 200 1s a full wave
bridge rectifier that converts three-phase AC power to DC
power. DC link 202 filters the DC power from converter 200
using a filter 206, such as one or more capacitors. DC link
202 has rails labeled “+” and “-". Inverter 204 converts the
DC power from DC link 202 into variable frequency,
variable voltage AC power for motor 102. Inverter 204 1s a
pulse width modulation (PWM) inverter, using six switching
devices 208, for example, IGBTs or MOSFETSs. Switching
devices 208 are connected 1n a three-phase bridge configu-
ration to DC link 202 to generate AC power at inverter
output terminals U, V, and W. Switching devices 208 are
controlled, or pulsed, by signals on lines from microcon-
troller 112 (shown in FIG. 1).

Microcontroller 112 includes a processor 210 and a
memory device 212. In the exemplary embodiment, micro-
controller 112 1s implemented in one or more processing
devices, such as a microcontroller, a microprocessor, a
programmable gate array, a reduced instruction set circuit
(RISC), an application specific integrated circuit (ASIC),
etc. Accordingly, 1n this exemplary embodiment, microcon-
troller 112 1s constructed of software and/or firmware
embedded 1n one or more processing devices. In this man-
ner, microcontroller 112 1s programmable, such that mnstruc-
tions, 1tervals, thresholds, and/or ranges, etc. may be pro-
grammed for a particular motor 102 and/or an operator of
motor 102. Microcontroller 112 may be wholly or partially
provided by discrete components, external to one or more
processing devices.

Processor 210 1s coupled to inverter 204 to control
switching devices 208 to output AC voltage for driving
motor within the limits of the second HP rating of drive
circuit 108. Processor 210 1s further coupled to drive circuit
108 to control the speed at which motor 102 1s operated
when operated by drive circuit 108 based on settings stored
in memory device 212.

In the exemplary embodiment, microcontroller 112 moni-
tors the signal provided by external controller 119 to deter-
mine whether to utilize drive circuit 108. If a drive enable
signal 1s detected, microcontroller 112 powers on and con-
trols drive circuit 108 to generate and provide output voltage
to motor 102. IT a line power enable signal 1s detected, which
will close line contactor 106 and apply line power to motor
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102, microcontroller 112 powers ofl drive circuit 108 to
protect 1t from being damaged by the application of line
power.

In some embodiments, microcontroller 112 1s configured
to monitor the command signals provided by external con-
troller 119 to drive contactor 110 and line contactor 106, and
monitor voltage at drive output terminals U, V, and W to
determine when to operate drive circuit 108 without dam-
age. For example, microcontroller 112 ensures that voltage
at drive output terminals U, V, and W does not exceed a
threshold before drive circuit 108 1s powered-on and drive
contactor 110 1s closed, because powering-on when line
voltage 1s present may damage drive circuit 108 and/or
motor 102. This monitoring and self-protection feature per-
formed by microcontroller 112 eliminates the need for an
additional circuit breaker that 1s typically required for pro-
tection during such operations.

As described above, drive circuit 108 1s sized for lower
HP operation than motor 102. For example, depending on
the application in which motor 102 1s to be installed, drive
circuit 108 may be selected to have a 24 HP rating or a 2 HP
rating relative to the first HP rating of motor 102. However,
drive circuit 108 1s not limited to these specific reduced HP
ratings, but may be provided with any desired HP rating that
1s lower than the first HP rating of motor 102.

Drive circuit 108 1s only used to drive motor 102 for
low-speed operating points, below full-load operation. In the
exemplary embodiment, drive circuit 108 1s configured to
provide a low-speed operating point for motor 102, such that
motor 102 may be driven with at least two speeds, a
low-speed (using drive circuit 108) and a high-speed (using
power source 104). One low-speed operating point or a few
different low-speed operating points may be defined 1n drive
circuit 108, so long as the second HP rating of drive circuit
108 1s not exceeded.

FIG. 3 1s an exemplary control method 300 for operating
a motor that may be used with motor system 100, shown 1n
FIG. 1. The motor 1s a three-phase motor and may be an AC
induction motor or an ECM. The power source may be either
a three-phase AC power source such as a utility or grid, or
a single-phase AC source.

At step 302, method 300 includes providing a drive circuit
configured to generate variable frequency power based on
input power received from the power source. The drive
circuit has a second rated horsepower that 1s lower than the
first rated horsepower of the motor. The drive circuit may
also have a rated voltage that 1s less than a rated voltage of
the motor.

At step 304, method 300 includes coupling a drive con-
tactor between an output of the drive circuit and the induc-
tion motor. Coupling the drive contactor may include pro-
viding a normally-closed auxiliary contact through which
the line power enable signal 1s routed before transmission to
the bypass converter, and coupling a coil to the normally-
closed auxiliary contact.

At step 306, method 300 includes coupling, by the drive
contactor, the drive circuit to the induction motor when a
drive enable signal 1s received from an external controller.
Coupling the drive circuit to the induction motor may
include receiving, by the coil, the drive enable signal that
energizes the coil. Coupling the drive circuit to the induction
motor may also include closing, by the coil, a plurality of
power poles coupled between an output of the drive circuit
and the imnduction motor to provide the varniable frequency
power generated by the drive circuit to the induction motor.

At step 308, method 300 includes decoupling, by the drive
contactor, a line power enable signal from a line contactor by

10

15

20

25

30

35

40

45

50

55

60

65

8

the external controller based on a presence of the drive
enable signal, wherein the line contactor 1s configured to
couple the induction motor directly to the power source
when the line power enable signal 1s received by the line
contactor. Decoupling the line power enable signal may
include causing, by the coil, the normally-closed auxiliary
contact to open to decouple the line power enable signal
from the line contactor when the coil 1s energized by
receiving the drive enable signal. In another embodiment,
and as explained above, decoupling the line power enable
signal includes disabling the Low-Speed signal.

In one embodiment, method 300 further includes prevent-
ing, by the drive contactor, the line power enable signal from
closing the line contactor and applying line power to the
motor while the drive circuit 1s coupled to the motor to
prevent damage to the drive circuit caused by simultaneous
application of the line power and the variable frequency
power to the induction motor.

In another embodiment, method 300 may also include
detecting, by a drive circuit controller, when the line power
enable signal 1s received by the drive circuit, disabling the
drive circuit such that the drive circuit has no direct contact
with the output leads of the line contactor when 1t 1s
determined that the line power enable signal 1s being
received.

In another embodiment, method 300 includes one of
receiving, by a drive enable input terminal of the motor
controller, the drive enable signal from the external control-
ler and receiving, by a line power enable mput terminal of
the motor controller, the line power enable signal. When the
line power enable signal 1s received by the line power enable
input terminal, method 300 further includes transmitting, by
a line power enable output terminal of the motor controller,
the line power enable signal from the motor controller to the
line contactor. In another embodiment, this includes receiv-
ing the Low-Speed enable signal.

FIG. 4 1s a block diagram of an exemplary motor system
400. Motor system 400 1s substantially similar to motor
system 100 (shown in FIG. 1), except motor system 400
includes line contactor 106 having an auxiliary contactor
402, rather than drive contactor 110 having an auxihary
contactor. As such, components shown i1n FIG. 4 that are
common to both motor systems 100 and 400 are labeled with
the same reference numbers used 1 FIG. 1, and only the
differences between motor system 400 and motor system
100 will be described with respect to FIG. 4.

In the exemplary embodiment, line contactor 106 includes
auxiliary contactor 402, which 1s a “normally closed” con-
tactor such that it 1s 1 a closed position when coil 103 1s not
energized. When coil 105 becomes energized by receiving
the line power enable signal from external controller 119, 1t
causes auxiliary contactor 402 to open.

The drive enable signal from external controller 119 1s
routed through auxiliary contactor 402 and to drive enable
input terminal 130 of motor controller 107. Accordingly,
when 1nstalling motor 102 with motor controller 107 inte-
grated therein, for the drive enable signal, a technician
merely has to connect a conductor from external controller
119 to auxiliary contactor 402, and from auxiliary contactor
402 to drive enable mput terminal 130.

During operation, because auxiliary contactor 402 1s
“normally closed,” 11 a drive enable signal i1s provided by
external controller 119, 1t 1s transmitted to drive contactor
110 via auxiliary contactor 402. The drive enable signal
activates and closes drive contactor 110 to couple power
generated by drive circuit 108 to motor 102.
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If a line power enable signal 1s then provided by external
controller 119 to line contactor 106 while 1t 1s receiving the
drive enable signal, the energizing of coil 105 automatically
causes auxiliary contactor 402 to open. Opening auxihiary
contactor 402 interrupts and/or decouples the drive enable
signal from drive contactor 110, causing drive circuit 108 to
shut down.

Additionally, 11 a drnive enable signal 1s provided by
external controller 119 while the line power enable signal 1s
still being received, coil 105 1s being energized. Accord-
ingly, auxiliary contactor 402 i1s maintaimned in the open
position, preventing the drive enable signal from energizing,
coil 126 and closing drive contactor 110. When the line
power enable signal 1s no longer received, coil 105 stops
being energized and poles 114, 116, 118 open, disconnecting,
the direct connection of line frequency power from power
source 104 to motor 102. Additionally, when coil 105 1s no
longer being energized, auxiliary contactor 402 returns to 1ts
normally closed position and couples the drive enable signal
to drive contactor 110.

When transitioning from drive circuit operation to line
power operation, microcontroller 112 typically needs sufli-
cient time (e.g., 8 mSec) to shut down operation of drive
circuit 108 and disconnect drive circuit 108 from motor 102
by opening drive contactor 110. However, rather than wait-
ing for microcontroller 112 to receive the line power enable
signal, motor system 400 automatically decouples the drive
enable signal from drive contactor 110 at substantially the
same moment the line power enable signal 1s received at line
contactor 106. Decoupling the drive enable signal from
drive contactor 110 causes drive contactor 110 to open and
disconnect drive circuit 108 from motor 102. As such,
routing the drive enable signal through line contactor 106
provides protection for motor controller 107 from damage
caused by exposure to line frequency power.

The methods and systems described herein may be imple-
mented using computer programming or engineering tech-
niques including computer software, firmware, hardware or
any combination or subset thereof, wherein the technical
cllect may include at least one of: (a) enabling a drive
contactor to control a line power enable signal being trans-
mitted to a line contactor from an external controller; (b)
providing more reliable protection for drive circuit electron-
ics by disabling a communication path between the external
controller and the bypass device or the main device when-
ever a drive contactor 1s activated, or closed; (¢) providing
the drive circuit with suthicient time (e.g., 8 mSec) to shut ofl
current output by the drive circuit before line power 1is
applied without the use of software and 1n a cost-eflective
manner; and (d) reducing cost and complexity over fully
variable frequency drives.

Some embodiments involve the use of one or more
clectronic or computing devices. Such devices typically
include a processor, processing device, or controller, such as
a general purpose central processing unit (CPU), a graphics
processing unit (GPU), a microcontroller, a reduced 1nstruc-
tion set computer (RISC) processor, an application specific
integrated circuit (ASIC), a programmable logic circuit
(PLC), a field programmable gate array (FPGA), a digital
signal processing (DSP) device, and/or any other circuit or
processing device capable of executing the functions
described herein. The methods described herein may be
encoded as executable 1nstructions embodied in a computer
readable medium, including, without limitation, a storage
device and/or a memory device. Such instructions, when
executed by a processing device, cause the processing
device to perform at least a portion of the methods described
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herein. The above examples are exemplary only, and thus are
not intended to limit 1n any way the definition and/or
meaning of the terms processor, processing device, and
controller.

In the embodiments described herein, memory may
include, but 1s not limited to, a computer-readable medium,
such as a random access memory (RAM), and a computer-
readable non-volatile medium, such as flash memory. Alter-
natively, a floppy disk, a compact disc-read only memory
(CD-ROM), a magneto-optical disk (IMOD), and/or a digital
versatile disc (DVD) may also be used. Also, 1n the embodi-
ments described herein, additional mput channels may be,
but are not limited to, computer peripherals associated with
an operator interface such as a mouse and a keyboard.
Alternatively, other computer peripherals may also be used
that may include, for example, but not be limited to, a
scanner. Furthermore, 1n the exemplary embodiment, addi-
tional output channels may include, but not be limited to, an
operator interface monitor.

As used herein, the terms “software” and “firmware” are
interchangeable, and include any computer program stored
in memory lfor execution by a processor, including RAM
memory, ROM memory, EPROM memory, EEPROM
memory, and non-volatile RAM (NVRAM) memory. The
above memory types are examples only, and are thus not
limiting as to the types of memory usable for storage of a
computer program.

The systems and methods described herein are not limited
to the specific embodiments described herein, but rather,
components of the systems and/or steps of the methods may
be utilized independently and separately from other compo-
nents and/or steps described herein.

This written description uses examples to provide details
on the disclosure, including the best mode, and also to
enable any person skilled 1n the art to practice the disclosure,
including making and using any devices or systems and
performing any incorporated methods. The patentable scope
of the disclosure 1s defined by the claims, and may include
other examples that occur to those skilled 1n the art. Such
other examples are intended to be within the scope of the
claims 1f they have structural elements that do not difler
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial diflerences
from the literal language of the claims.

What 1s claimed 1s:

1. A motor controller for controlling a motor, said motor
controller comprising:

a drive circuit configured to generate variable frequency
power based on input power received from a power
SOUrcCe;

a drive contactor coupled between an output of said drive
circuit and the motor, said drive contactor configured to
couple said drive circuit to the motor when a drive
enable signal 1s received from an external controller;
and

an auxiliary contactor through which a line power enable
signal 1s routed, said auxiliary contactor coupled
between the external controller and a line contactor,
said auxiliary contactor configured to decouple the
external controller from the line contactor when said
auxiliary contactor detects a presence of the drive
enable signal, wherein said auxiliary contactor decou-
pling 1s configured to prevent the line power enable
signal from reaching the line contactor simultaneously
with the drive enable signal reaching said drive con-
tactor, and wherein the line contactor 1s configured to
couple the motor directly to the power source when the
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line power enable signal 1s recerved by the line con-
tactor, wherein said auxiliary contactor 1s configured to
prevent the line power enable signal from closing the
line contactor and applying line power to the motor
while said drive circuit i1s coupled to the motor to
prevent damage to said drive circuit caused by simul-
taneous application of the line power and the variable
frequency power to the motor, and wherein said drive
contactor comprises a coil that, when energized by
receiving the drive enable signal, causes said auxiliary
contactor to open to decouple the line power enable
signal from the line contactor.

2. The motor controller of claim 1, wherein said drive
contactor 1s further configured to maintain the auxihary
contactor open until said coil 1s not energized.

3. The motor controller of claim 1, wherein when the
drive enable signal 1s not applied to said drive contactor, said
drive contactor 1s open and said auxiliary contactor 1s closed.

4. The motor controller of claim 1, further comprising a
plurality of power poles coupled to an output of said drive
circuit, said plurality of power poles configured to be closed
when said coil 1s energized to provide the variable frequency
power generated by said drive circuit to the motor.

5. The motor controller of claim 1, further comprising a
drive circuit controller configured to:

detect when the line power enable signal 1s received by

said motor controller; and

disable said drive circuit such that said drive circuit has no

direct contact with the output leads of said line con-

tactor when 1t 1s determined that the line power enable
signal 1s being received.

6. The motor controller of claim 1, further comprising:

a drive enable mput terminal for receiving the drive

cnable signal from the external controller;

a line power enable mput terminal for receiving the line

power enable signal from the external controller; and

a line power enable output terminal for transmitting the

line power enable signal from said motor controller to

the line contactor.

7. The motor controller of claim 1, wherein when the
motor 1s coupled directly to the power source, the motor 1s
driven at a rated speed of the motor using line frequency
power.

8. The motor controller of claim 1, wherein said drive
circuit 1s coupled to the motor, the motor 1s driven at a
less-than-rated speed of the motor using the variable fre-
quency power.

9. The motor controller of claim 1, wherein the drive
enable signal and the line power enable signal include one
of an alternating current voltage signal and a direct current
voltage signal.

10. The motor controller of claim 1, wherein said drive
contactor comprises one of a three-pole mechanical contac-
tor, a three-pole solid state contactor, and a relay.

11. The motor controller of claim 1, wherein said motor
controller, said drive contactor, and the motor are enclosed
within an integrated motor package.

12. An induction motor comprising:

a plurality of windings; and

a motor controller coupled to said plurality of windings,

said motor controller comprising:

a drnive circuit configured to generate variable fre-
quency power based on mput power received from a
power source; and

a drive contactor coupled between an output of said
drive circuit and said plurality of windings, said
drive contactor configured to couple said drive cir-
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cuit to said plurality of windings when a drive enable
signal 1s received from an external controller; and

an auxiliary contactor through which a line power
enable signal i1s routed, said auxiliary contactor
coupled between the external controller and a line
contactor, said auxiliary contactor configured to
decouple the external controller from the line con-
tactor when said auxiliary contactor detects a pres-
ence of the drive enable signal, wherein said auxil-
lary contactor decoupling 1s configured to prevent
the line power enable signal from reaching the line
contactor simultaneously with the drive enable sig-
nal reaching said drive contactor, and wherein the
line contactor 1s configured to couple the motor
directly to the power source when the line power
enable signal 1s received by the line contactor,
wherein said auxiliary contactor 1s configured to
prevent the line power enable signal from closing the
line contactor and applying line power to said plu-
rality of windings while said drive circuit 1s coupled
to said plurality of windings to prevent damage to
said drive circuit caused by simultaneous application
of the line power and the vanable frequency power
to said plurality of windings, and wherein said drive
contactor comprises a coil that, when energized by
receiving the drive enable signal, causes said auxil-
lary contactor to open to decouple the line power
enable signal from the line contactor.

13. The induction motor of claim 12, wherein said drive
circuit has a power rating that 1s lower than a power rating
ol said induction motor.

14. A method of operating an induction motor, said
method comprising:

providing a drive circuit configured to generate variable

frequency power based on input power recerved from a
power source;

coupling a drive contactor between an output of the drnive

circuit and the induction motor;

coupling, by the drive contactor, the drive circuit to the

induction motor when a drive enable signal 1s received
from an external controller;

decoupling, by an auxiliary contactor through which a

line power enable signal 1s routed and coupled between
a line contactor and an external controller, the line
contactor from the external controller when the auxil-
lary contactor detects a presence of the drive enable
signal, wherein the auxiliary contactor decoupling 1s
configured to prevent the line power enable signal from
reaching the line contactor simultaneously with the
drive enable signal reaching the drive contactor, and
wherein the line contactor 1s configured to couple the
induction motor directly to the power source when the
line power enable signal 1s recerved by the line con-
tactor,

coupling a coil to the auxiliary contactor;

causing, by the coil, the auxiliary contactor to open to

decouple the line power enable signal from the line
contactor when the coil 1s energized by receiving the
drive enable signal

recerving, by the coil, the drive enable signal that ener-

gizes the coil; and

closing, by the coil, a plurality of power poles coupled

between an output of the drive circuit and the induction
motor to provide the variable frequency power gener-
ated by the drive circuit to the induction motor.

15. A motor system for controlling a motor, said motor
system comprising:
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a drive circuit configured to generate variable frequency

power based on mput power received from a power
source; and

motor, said line contactor configured to couple the
power source to the motor when a line power enable
signal 1s received from an external controller; and

an auxiliary contactor through which a drive enable signal

1s routed, said auxiliary contactor coupled between the
external controller and said drive circuit, said auxiliary
contactor configured to decouple the external controller
from said drive circuit when said auxiliary contactor
detects a presence of the line enable signal, wherein
said auxiliary contactor decoupling 1s configured to
prevent the drive enable signal from reaching said drive
circuit simultaneously with the line enable signal reach-
ing said line contactor, wherein said auxiliary contactor
1s configured to prevent the drive enable signal from
closing said drnive contactor and enabling said drive
circuit to apply variable frequency power to the motor
while line frequency power 1s coupled to the motor to
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prevent damage to said drive circuit caused by simul-
taneous application of the line power and the variable
frequency power to the motor, and wherein said line
contactor comprises a coil or a circuit that, when
energized by receiving the line power enable signal,
causes said auxiliary contactor to open to decouple the
drive enable signal from said drive contactor.

16. The motor system of claim 15, further comprising a
drive contactor coupled between an output of said drive
circuit and the motor, said drive contactor configured to
couple said drive circuit to the motor when the drive enable
signal 1s received from an external controller.

17. The motor system of claim 15, wherein when transi-
tioning operation of the motor from line power operation to
drive circuit operation, the routing of the drive enable signal
through said line contactor delays the drive enable signal
from closing said drive contactor until said line contactor 1s
opened and line frequency power 1s no longer present on
windings of the motor.
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